T he skin is usually defined as the epidermis, dermis, and appendages (sebaceous, sweat, apocrine, mammary glands, and hair follicles).
The classic presentation of LRI during the weeks to months after injury follows. Within the first week, the patient may present with a prodrome of transient erythema (which, as above, is highly variable), pruritis, and paresthesias of the skin. In subsequent weeks, true erythema develops along with progressive epilation, suppression of sweating, and diminished sebaceous gland secretion. As the injury evolves, the patient exhibits edema, pruritus, and blister formation, and he or she may have severe pain. There may be a spectrum of changes in
Terminology
The terms used to describe IR injury to the skin and deeper tissues vary. Some authorities classify damage to the skin as a subsyndrome of acute radiation syndrome (ARS) and generally use the term cutaneous radiation syndrome (CRS) to refer to this injury. Cutaneous radiation syndrome is also used to describe the classic, clinical picture of IR injuries to skin without another organ system component of ARS. 6, 8 Local radiation injury (LRI) is sometimes used to refer to injury to tissues or organs deeper than the skin, [9] [10] [11] [12] and this term will be used henceforth in this article to describe IR injuries to the skin and deeper tissues. Beta burns refer to injury to the skin by beta particles and may cause a partial or even a full-thickness burn, depending on the beta energy of the radionuclide. 13 Radiodermatitis is often used to refer to radiotherapy-induced skin changes. 14 
Clinical Course
Acute LRI often occurs when an individual handles or comes into close contact with a high-dose rate, sealed radiation source. Many of these accidents are reported to the Radiation Emergency Assistance Center/Training Site (REAC/TS) and managed in consultation with patients' primary care physicians.
The 3 isotopes that cause the most concern for these injuries are 192 iridium, 60 cobalt, and 137 cesium. Local radiation injury is a deterministic effect, or an effect that varies with dose and for which a threshold is believed to exist. 15 The //www-pub.iaea.org/mtcd/publications/.
The nuclear power plant accident at Chernobyl in 1986 is a well-known incident in which many of the victims had severe CRS caused by a mixture of beta particles and gamma-emitting radionuclides. Sixteen of the 28 acute deaths after the incident were attributed to CRS. 5 Another source of LRI that has attracted much attention over the past 20 years is radiologic imaging techniques that deliver a large dose of IR. The average radiation dose received by patients in the United States has roughly doubled over the past 20 years, and the increase is primarily attributed to medical exposure (radiography, fluoroscopy, computed tomography, nuclear medicine, and external beam radiotherapy). 20, 21 Physician and patient education along with safety features on newer equipment have helped reduce the dose of radiation exposure. In the past, a lack of education resulted in patients not knowing that they were being It is important to recognize that patients may have a high dose of radiation to the skin with little to no dose to the whole body or to the bone marrow. As noted above, with deeper tissue injury, other organ systems may become involved in the area of injury and present different subsyndromes of ARS. There may be enough damage to deeper tissues over enough area or even a whole-body distribution to cause ARS. Therefore, a suspicion of ARS is warranted in any case of radiation exposure, even if only LRI is initially evident. Ionizing radiation injury to more than 50% of the body surface area is a poor prognosticator for survival. 6 Multiorgan failure and death may result.
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the procedure, or if the wound resembles a burn without a history of thermal or chemical burn.
Diagnosis and Evaluation
The diagnosis of LRI depends on a detailed recent his- Because ARS should be considered in any case of radiation exposure, blood chemistry should be analyzed as appropriate. Baseline and serial complete blood cell (CBC) counts with differentials should be obtained (ideally, every 8 hours) to assess for a decline in absolute lymphocyte count during the first 12 to 48 hours after LRI. 27, 28 If it is determined that the patient has a severe local injury that could result in ARS, CBC counts with differentials will be needed to monitor for bone marrow suppression. 9, 27, 28 Other laboratory tests to consider include serum amylase (for head or neck exposure) and C-reactive protein (CRP), because CRP will be elevated in cases of significant partial body or total body irradiation. More information about the laboratory evaluation of ARS can be found in Christensen et al. 29 Imaging studies should be performed as indicated and to detect the degree of tissue and microvascular damage. 
33-40
Electron spin or electron paramagnetic resonance (EPR) may be a helpful tool for dose estimation in conjunction with other methods of dose estimation (eg, incident recreation and cytogenetic biodosimetry). [41] [42] [43] Electron paramagnetic resonance, which measures the radiation-induced free radical formation, can be per- Recommendations have been fairly consistent on the use of topical antibiotics for LRI. 9 The use of systemic antibiotics should be based on the clinical picture. Physicians should consider consulting with infectious disease specialists if there is suspicion of a high dose to deep tissues, a large percentage of affected body surface area, or another organ system is involved. The use of silver sulfadiazine and dressings may be helpful, as indicated.
"Skin substitutes" and other dressing constructs should be used as indicated for thermal burns.
Combination treatment with 400 mg of pentoxifylline (not FDA-approved for this use) 3 times per day and α-tocopherol (a form of vitamin E) has shown success in decreasing radiofibrosis. [49] [50] [51] Pentoxifylline alone may also help to decrease pulmonary damage due to lung and breast radiotherapy. 52 Other antioxidants or antioxidant enzymes such as superoxide dismutase have been used to manage these injuries and are still areas with active research for further development. [53] [54] [55] Topical aloe vera seems to shorten healing time, has anti-inflammatory and antihistaminic properties, and is an excellent moisturizer. 56 Aloe vera is often recommended to patients undergoing radiotherapy; however, the literature about its efficacy is mixed. 57, 58 Reports have provided evidence that mast cells may play a role in LRI. Mast cells store 98% of our body's histamine. 59 They become activated and de- However, such results may be difficult to achieve with the relatively low incidence rate of LRI.
Conclusion
Although uncommon, LRI is difficult to diagnose without a known history of radiation exposure. These injuries often have a delayed presentation that may make the history and dose estimation difficult to impossible. 
